Captive environments often lack required stimuli to preserve natural behaviour 29  This study compared behaviour of free-ranging and caged tamarins 30  Significant differences in mean rates of behaviour found between conditions 31  Free-ranging tamarins exhibited increased locomotion and proficient environment use 32  Free-ranging exhibit conducive to the exhibition of natural behaviours 33
tamarins exhibited natural behaviours; however, there were significant differences in mean rates of 48 behaviours between conditions. Free-ranging tamarins exhibited significantly higher rates of 49 locomotion (emperors: P < 0.001; pieds: P < 0.001), long calls (pieds: P < 0.05) and alarm calls 50 (emperors: P < 0.05), and displayed competent use of the environment in terms of natural substrate 51 use (emperors: P < 0.001; pieds: P < 0.01) and appropriate interspecific interactions. Caged tamarins 52 exhibited significantly higher rates of affiliative (emperors: P < 0.001; pieds: P < 0.05) and agonistic 53 (emperors: P < 0.005) intraspecific interactions and time spent in contact (emperors: P < 0.05; pieds: 54
Introduction 65 66
In captivity, animals are faced with an environment that differs substantially from their natural habitat 67 and is often lacking in appropriate stimuli (McPhee and Carlstead, 2010) . Less time is required for 68 natural activities such as foraging, mate-seeking and predator avoidance, and thus, these behaviours 69 often decrease (Shepherdson, 1994 
Pilot study and ethogram design 163 164
Ad libitum sampling was carried out for five days prior to data collection to facilitate ethogram design, 165 determine sampling techniques and allow for identification of individuals. An ethogram (Table 3) was 166 developed using data from the pilot study and similar studies. Behaviours included were considered to 167 be representative of the behavioural repertoire of tamarins, including environment use. Categories for 168 height above ground were created based on the maximum height of the caged exhibits (approximately 169 4 m). Social spacing categories were based on the maximum distance that CT could move apart while 170 remaining simultaneously visible. 171 172
Behavioural data 173 174
Data collection occurred during 20 minute sessions, 12 times per day for 5 days a week, from 4 th June 175 2014 to 23 rd July 2014. To control for diurnal variation in behaviour, observations were divided into 176 three time periods: 09.00-10.30h, 11.00-12.30h and 13.00-14.30h. Observations ceased for all 177 tamarins at 14.30h to prevent bias due to restrictions imposed by husbandry routines for FRE. Data 178 were collected on focal animals using instantaneous sampling at 30 second intervals combined with 179 one-zero sampling (Martin and Bateson, 1993) . Focal animals were selected in a predetermined order, 180 so that each animal was observed for equal amounts of time within each time period, ensuring equal 181 representation in the final sample. At each 30 second sample point, the location, activity, substrate 182 type (diameter and orientation), height above ground (m) and social spacing (to the nearest metre) of 183 the focal animal were recorded. One-zero sampling was used to record the occurrence of long calls, 184 alarm calls, scent marking, locomotion type and social and sexual interactions within each 30 second 185 interval. Locomotion, social and sexual behaviours were recorded using instantaneous and one-zero 186
sampling to obtain data for activity budgets, as well as the occurrence of specific behaviours. Using a 187 combination of instantaneous and one-zero sampling ensured that data was collected on a wide variety 188 of behaviours. To determine if there were any significant differences in visibility, all visible and not visible data 207 points were used. 208
209
For the purpose of analysis, the social behaviour category was condensed into 'affiliative' (play, 210 allogrooming and affection) and 'agonistic' (aggressive and submissive) interactions. The social 211 spacing category was condensed into 'contact' (<1m) 'proximity' (1-4m) and 'distant' (>4m). The 212 sexual interactions category was condensed into one overall category. Any behavioural categories 213
with no values for both free-ranging and caged conditions were excluded from statistical analysis.
9
Therefore, 'other', and 'ground' were excluded for emperors. As CT could not reach heights of '>5m' 215 this category was excluded from statistical analysis. The younger animals in the FRE group did not 216 exhibit sexual behaviour, thus, this category was also excluded from analysis for emperors. 217
218
Statistical analyses were carried out using IBM SPSS statistics version 21. Mann-Whitney U tests 219 were used to assess differences in behaviour between FRT and CT for each species (e.g. Box and 220 Table 4 displays all statistical results for FRE and CE. FRE spent significantly more time 'not visible' 232 than CE, who spent significantly more time in their shed. Natural substrates were used significantly 233 more by FRE but no significant difference was found for use of artificial substrates. 234
Rohrhuber
Locomotion was significantly higher for FRE, specifically leaping, running, jumping and walking. No 235 significant differences were found for hang or climb behaviour, although hanging was the only 236 locomotory type exhibited more by CE. Foraging, rest, provisioned feeding and social behaviour were 237 significantly higher in CE. Both affiliative and agonistic interactions were significantly higher in CE. 238 No significant differences were found between conditions in stationary, natural feed or groom 239 behaviours, although stationary behaviour was approaching significance, with more observed in CE. 240
Alarm calls were exhibited significantly more by FRE, but no significant differences were found for 241 long calling or scent marking. 242
243
Use of horizontal, diagonal and vertical substrates was not significantly different between conditions. 244 FRE used substrates of 2-10 cm significantly more, with use of 10-30 cm substrates significantly 245 higher in CE. No significant differences were found for <2 cm and >30 cm diameter substrates. 246
Neither group was recorded using the ground. Areas 2-5 m above ground were used significantly 247 more by CE, but ground-2 m was not significantly different. Only FRE had access to heights of '>5 248 m', using these at a mean rate of 0.15±0.03 per hour. FRE spent significantly less time in 'contact' 249 than CE, but 'proximity' was significantly higher. There was no significant difference found for 250 'distant' between groups. 251 252 Locomotion was significantly higher in FRP, specifically leaping and running. No significant 259 differences were found for jump, walk, hang or climb. Again, hanging was the only locomotory type 260 exhibited more by CP. Grooming behaviour was significantly lower in FRP. There were no significant 261 differences found for stationary, provisioned feed, natural feed, forage, rest, sexual or 'other' 262 behaviour, although sexual behaviour was approaching significance. Affiliative interactions were 263 significantly higher in CP but agonistic interactions were not significantly different between groups. 264
Pied Tamarins 253 254
Long calls were exhibited significantly more by FRP; no significant differences were found between 265 conditions for alarm calling or scent marking. 266
267
Use of horizontal, diagonal and vertical substrates was not significant between conditions. Substrates 268 of diameter '<2 cm' and '>30 cm' were used significantly more by FRP; substrates of 2-10 cm and 269 10-30 cm were used significantly more by CP. Use of the ground was rare for both groups, with no 270 significant differences found. CP used ground-2 m significantly more than FRP, whereas FRP used 2-271 5 m significantly more. Heights of '>5 m' above ground were used at a mean rate of 0.12±0. FRT in this study were observed foraging from fruiting trees and stalking moorhens, demonstrating 322 their ability to successfully acquire natural foods. 323
324
Resting behaviour was significantly higher in CE, but was seldom observed in any group, and was 325 lowest in FRT. Melfi and Feistner (2002) found that an increase in enclosure size was inversely 326 related to the frequency of resting behaviour in Sulawesi macaques. Furthermore, we assume that 327 most resting behaviour occurred when tamarins were not visible in dense vegetation and during the 328 night, consistent with wild tamarins (Rylands and Mittermeier, 2008) . Stationary behaviour was the 329 most frequently recorded behaviour for all groups, consistent with other captive species housed in 330 naturalistic environments (Price, 1992) . Encouragingly, alarm calls were observed in all individuals in response to aerial predators and/or 374 unfamiliar stimuli, although at lower rates than those observed in wild tamarins by Heymann (1990) . 375
In captivity, natural predators and threats are less frequent and the consistent occurrence of some 376 threats, e.g. humans, may cause habituation. FRE exhibited alarm calls significantly more than CE, 377 potentially as a result of encountering more stimuli, as also found for cotton-top tamarins ( and enable the time required to acquire various behaviours to be assessed (Stoinski et al., 2003) . Wormell et al. (1996) and Armstrong and Santymire (2013) . 678 679 
